, See-Tong Pang 3 , Chi-Tai Yeh 4, 5, 6 , Hui-Ping Liu 3 and Shuen-Kuei Liao 1, 2, 6, 7 As an advanced status of cancer stem cells (CSCs), metastatic CSCs (mCSCs) have been proposed to be the essential seeds that initiate tumor metastasis. However, the biology of mCSCs is poorly understood. In this study, we used a lymph node (LN) metastatic CEA-producing carcinoma cell line, UP-LN1, characterized by the persistent appearance of adherent (A) and floating (F) cells in culture, to determine the distribution of CSCs and mechanisms for the induction of mCSCs. F and A cells displayed distinct phenotypes, CD44 high /CD24 low and CD44 low /CD24 high , respectively. The CSC-rich nature of F cells was typified by stronger expression of multiple drug resistance genes and a 7.8-fold higher frequency of tumor-initiating cells in NOD/SCID mice when compared with A cells. F cells showed a greater depression in HLA class I expression and an extreme resistance to NK/LAK-mediated cytolysis. Moreover, the NK/LAK-resistant F cells were highly susceptible to IFN-g-mediated induction of surface CXCR4, with concomitant downregulation of cytoplasmic CXCL12 expression, whereas these two parameters remained essentially unchanged in NK/LAK-sensitive A cells. Following the induction of surface CXCR4, enhanced migratory/invasive potential of F cells was demonstrated by in vitro assays. Confocal immunofluorescence microscopy showed the two distinct phenotypes of F and A cells could be correspondingly identified in monodispersed and compact tumor cell areas within the patient's LN tumor lesion. In response to IFN-g or activated NK/LAK cells, the CXCR4 þ mCSCs could be only induced from the CSCs, which were harbored in the highly tumorigenic CD44 high /CD24 low F subset. Our results revealed the complexity and heterogeneity of the CSC of this cell line/tumor and the differential immunomodulatory roles of F and A cells. A better understanding of the interactions among different classes of CSCs and their niches may assist us in eradicating the CSCs/mCSCs through targeted immunotherapy, chemotherapy, or both. Metastasis is the major cause of death in patients with various cancers. The recently proposed cancer stem cell (CSC) hypothesis provides a new direction for the understanding of tumor metastasis. 1 To date, the possible existence of CSCs has been reported first in leukemia 2 and then in solid tumors including brain tumor, 3, 4 breast cancer, 5 pancreatic cancer, 6 nasopharyngeal carcinoma, 7 and cancer of gastrointestinal tract 8 by using various CSC markers and approaches. In contrast to the traditional stochastic model assuming that every single cell within the heterogeneous tumor has the ability to generate a tumor, the CSC hypothesis emphasizes the stem cell hierarchy constructed by the heterogeneous tumor cells, in which there is only a rare specific population of tumor-initiating cells (TICs) with the stem cell properties, including self-renewal and the ability to give rise to the majority of differentiated cell populations. 9, 10 The stem-like properties of the TICs provide great plasticity for these tumor cells to adapt and colonize in the new metastatic site, orchestrated by normal stromal cells, bone marrow-derived mesenchymal stem cells, 11 and immune cells including myelomonocytic cells. 12 All of these cell components and the tissue matrix constitute a 'tumor microenvironment', and are important factors for tumor progression. Moreover, the CSC concept has been proposed to further contribute to resistances to drugs 13 and radiation 14 , recurrences after chemoand immunotherapy, 15 and tumor dormancy. 16 As only a limited cell lines have been established from lymph node (LN) or other metastatic sites and are currently available for the study of CSCs in metastases, [17] [18] [19] we have recently established a CEA-producing carcinoma cell line, UP-LN1, from a patient with unknown primary, and documented some of its immunophenotypic and molecular cytogenetic features. 20 The demonstrated phenotype, CK7 À / CK20 þ /CEA þ /SCCA À , made the gastrointestinal tract the most probable primary site. Consistent with the coexistence of singly dispersed or small clumps of cells and tightly compact solid tumor cells observed within the LN biopsy structure in which was largely replaced by tumor cells, the persistent appearance of naturally occurring adherent (A) and floating (F) cells was noted in culture. Such an in vitro mixed phenotype has not frequently been reported in cultures of human carcinomas of diverse histological types. 21 The existence of such cells has, thus, often been ignored, and consequently these floating cells have been discarded during cell passages of various cancer cell lines by many investigators. 21, 22 Therefore, the nature of such adherent cells vs floating cells remains largely uninvestigated.
We hypothesized that A and F cells of the UP-LN1 cell line might differently harbor CSCs, and could thus differently contribute to the metastatic potential of tumor in the patient. In this study, we enriched A and F cell subsets and determined the differences between these two cell types with respect to cancer stem-like cell properties, relative drug resistance, immunophenotype, anchorage-independent clonogenicity, sensitivity to NK/LAK cytotoxicity, migration/ invasion ability, and tumorigenecity in NOD/SCID mice. We found that as the major niche for metastatic CSCs (mCSCs), the CD44 high /CD24 low F cells, but not CD44 low /CD24 high A cells, expressed lower levels of surface HLA class I and at the same time harbored a specific subset of NK/LAK-resistant CSCs, which turned out to be highly susceptible to IFN-gmediated induction of CXCR4 þ mCSCs.
MATERIALS AND METHODS Cell Lines and Culture Conditions
The UP-LN1 cell line and its A and F subsets, K562, and Daudi cell lines were used in this study. Unless specified, all the cell lines were maintained in the condition described previously. 20 For the separation of A cells, we discarded all floating cells in the culture supernatant and then harvested only the adherent cells by light trypsinization to set up new cultures for A cells. To obtain F cells, we only collected the floating cells in the culture supernatant of UP-LN1 culture for the subsequent culture passage. Each of these two protocols was used for the enrichment of A or F cells when subculturing for 10 consecutive rounds. To maintain the parental UP-LN1 (P) cells, floating cells and trypsinized adherent cells were washed and pooled, followed by setting up a new culture in our routine cell line maintenance. Trypan blue dye exclusion was used to monitor the cell viability.
A and F cells were also compared for their growth in RPMI-1640 medium supplemented with 10% FBS (RPMI medium) and in HEScGRO medium (Chemicon, Temecula, CA, USA) independently; the latter has been used to support the growth of human embryonic stem cells.
Cytofluorometric Analysis
Indirect immunofluorescence staining was performed as previously described. 20 
Immunofluorescence Confocal Microscopy on Histological Sections
The original LN metastatic lesion of UP-LN1 cell line was fixed in formalin and then embedded in paraffin. Thick tissue sections (5 mm) were prepared for subsequent incubation with mAbs as described previously. 23 Blocking was performed with PBS containing 5% BSA for 1 h. The slides were first labeled with FITC-conjugated CD44 antibody (clone G44-26, BD Pharmingen) in 1:10 dilution and then with APC-conjugated CD24 antibody (clone ML5, Biolegend) in 1:5 dilution for overnight at 41 C. Hoechst for nucleus stain was performed in 1:500 dilution at room temperature for 15 min. Slides were mounted with a 1:2 solution of glycerol-PBS, sealed by nail oil, and were then imaged by a LSM 510 Meta confocal microscope (Carl Zeiss, Oberkochen, Germany).
Anchorage-independent Clonogenic Assay
For clonogenic ability of each cell type in either RPMI-1640 medium or in HEScGRO medium, cells were suspended in 0.5% agarose (UltraPure L.M.P. agarose, Invitrogen, Carlsbad, CA, USA) with each medium and then seeded onto the top of 1% agarose with the corresponding medium precoated in six-well plates (Corning, Corning, NY, USA). A total volume of 1 ml of the corresponding medium was then added on the top of agarose layer with cells inside. After 20 days (for RPMI medium) or 26 days (for HEScGRO medium) of culture, the plates were stained by crystal violet for quantification of the colonies. The mean colony size was determined by measuring the area of each colony shown in the photos of each wells by the ImageJ software (National Institute of Mental Health, Bethesda, MD, USA).
Xenotransplantation in NOD/SCID Mice Xenotransplantation assays of P, A, and F cells were independently carried out in 6-to 8-week-old female NOD/ SCID mice purchased from the National Taiwan University Hospital Animal Central Facility, Taipei, Taiwan. P, A, and F cells were separately harvested, washed, and then resuspended in PBS to make five concentrations from 10 7 to 10 3 cells/ml by a 10-fold limiting dilution. A volume of 100 ml containing each cell dose was injected subcutaneously at the site above the hind leg of each mouse. Tumor growth was monitored every 2-3 days for at least 80 days. The volume of palpable tumor nodules was calculated by the formula,
, where a is the major tumor diameter and b is the minor diameter perpendicular to the major one. 20 
RNA Extraction and RT-PCR
Total RNA was extracted separately from P, A, and F cells using TRIzol reagent (Invitrogen), and was reverse transcribed by the use of a First-Strand cDNA Synthesis Kit (Fermentas, Burlington, Canada) according to the manufacturer's instruction. The sense and antisense primer sequences used for the measurement of gene expression level are listed in Supplementary Table S1 . The RT-PCR was carried out in a 50 ml reaction mixture that containing a final concentration of 50 mM Tris-HCl, (pH 8.3), 50 mM KCl, 1.5 mM MnCl 2 , 0.2 mM dNTP, 2U of Taq DNA polymerase, 1 ml of cDNA as template and 50 pmol of primers. After initial denaturation for 2 min at 951C, 26 cycles of amplification (at 951C for 1 min, 601C for 1 min, and 721C for 1.5 min) were performed, followed by a 7 min extension at 721C. 51 Chromium-release Cytotoxicity Assay Two types of effector lymphocytes, LAK and activated CD56 dim /CD16 þ NK cells, were prepared. Peripheral blood mononuclear cells (PBMCs) were first isolated from healthy donors by density gradient centrifugation with Ficoll-Paque (GE Healthcare Bio-Sciences AB, Uppsala, Sweden) as the sources of effector LAK and cytotoxic CD56 dim /CD16 þ NK cell preparations. For LAK preparation, freshly isolated PBMCs were activated by 1000 U/ml recombinant human IL-2 (R&D Systems) in RPMI complete medium for 72 h. CD56 dim /CD16 þ NK cells were directly separated from PBMCs using a CD56 þ /CD16 þ NK cell isolation kit (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany) according to the manufacturer's instructions. Isolated CD56 dim /CD16 þ NK cells with purity greater than 99% were further activated by 100 U/ml recombinant human IL-2 in RPMI complete medium for 72 h and then served as another source of effector killer cells to be used in 51 Chromium ( 51 Cr)-release cytotoxicity assays. The assay was performed as previously described and the cytotoxicity of effector cells to each cell type was analyzed by % specific lysis at different effector/target ratios. 24 Lytic unit (LU) was calculated for inter-experimental comparison.
In Vitro Cell Migration and Invasion Assays P, A, and F cells treated with 1, 10, and 100 U/ml IFN-g (R&D Systems) or without IFN-g were tested by the QCM Chemotaxis Cell Migration and QCM Chemotaxis Cell Invasion Assays, according to the manufacturer's instructions (Millipore Corporation, Billerica, MA, USA). For a cell invasion assay, membrane of each upper chamber was previously coated by ECMatrix, a reconstituted basement membrane matrix of proteins derived from the Engelbreth Holm-Swarm mouse tumor, 25 to mimic in vivo basement membrane. The membrane used in cell migration assays was not coated with any material. For both the assays, cells were harvested and re-suspended in RPMI-1640 medium containing 1% FBS. Suspended cells (5 Â 10 4 ) were seeded into the upper chamber. After 24 h at 37 1C, cells that had migrated through the membrane to the lower chamber containing 100 ng/ml CXCL12 were collected and lysed. The released cellular nucleic acids were labeled by CyQuant GR dye for quantification.
RESULTS

Immunophenotypic Characterization of A and F Subsets in the UP-LN1 Cell Line
We first enriched A and F cells independently from P cells by 10 respective cycles of the enrichment protocols. A cells showed mostly an adherent phenotype in monolayer culture, with only small numbers of floating cells, and could be maintained for the subsequent passages (Figure 1a) . On the other hand, F cells showed mostly the floating phenotype with few adherent cells in the subsequent passages ( Figure  1a ). As compared with the constant adherent morphology of A cell population, F cell population showed a greater tendency to regenerate both floating and adherent cells like the parental cells in vitro after several subcultures.
In contrast to the CD44 Figure 1d ). The depressed HLA class I expression in P, A, and F cells could, however, be restored following IFN-g treatment in a dose-dependent manner with different sensitivity (Figure 1d ). high /CD24 low phenotype could also be found in the region with loose tumor cell structure in the original biopsy sections by immunofluorescence confocal microscopy (c). The expression of HLA class I in P, A, and F cells with or without IFN-g treatment for 48 h were assayed by cytofluorometric analysis (d).
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F Cells Exhibited Much Stronger Stem Cell-Like Properties than A Cells In Vitro
By the use of DNA microarray, of the 22 575 genes tested, we identified 18 upregulated genes (ratio 4two-fold) and 37 downregulated genes in F cells, as compared with A cells. 26 Notably, we found three stem cell-associated genes PSCA (prostate stem cell antigen), ALDH1A1 (aldehyde dehydrogenase), and CD44 were upregulated to a greater extent in F cells. Further, ABCA7, a member of ABC transporter family, was also identified to be upregulated in F cells. These findings suggest that F cells functionally resemble much CSCs. Growth curves resulting from P, A, and F cells grown in RPMI medium (RPMI-1640 plus 10% FBS) (Figure 2a) , and chemically defined HEScGRO medium (Figure 2b ) were constructed. F cells were able to grow in both RPMI medium and HEScGRO medium much better than A cells, in terms of population-doubling time and saturation density. In RPMI medium, the population-doubling times for P, A, and F cells were 33.9, 33.9, and 29.8 h; and the saturation densities for P, A, and F cells were 10. , and 17.7 Â 10 4 cells/cm 2 , respectively. Collectively, F cells grew at a faster rate and gave a higher saturation density when cultured in HEScGRO medium than in RPMI medium, whereas the growth of A cells was greatly inhibited in HEScGRO medium. These results may reflect a more stemness nature of F cells as opposed to A cells.
With regard to anchorage-independent clonogenicity in agarose assays, when grown in RPMI medium, greater numbers of colonies were seen in the culture of F cells than in that of A cells, while generally smaller-sized colonies developed by F cells were evident (Figure 2c, Supplementary  Figure S1A ). At least two types of colonies (large and small) were developed by P cells. These results suggest that F cells relative to A cells harbored a greater number of self-renewing cells or CSCs. On the other hand, A cells, rather than F cells, contained groups of cells, which could be the fate-committed progenitors with greater ability to proliferate/differentiate, and thus form larger-sized colonies in RPMI medium. In HEScGRO medium, although F cells showed a much higher efficiency in generating colonies than A cells, the average size of colonies generated by F and A cells were similar ( Figure  2d ). These results revealed that HEScGRO medium, specifically designed for supporting the growth and maintenance of embryonic stem cells, could be used to select cells with stem cell growth features from both F and A cells. The representative images for colonies generated by P, A, and F cells in RPMI medium and HEScGRO medium were depicted in Supplementary Figures S1B and S1C. Our results also imply the qualitative and quantitative differences between A and F cells, with the latter displaying greater stem-like properties.
F Cells Showed Greater Tumorigenicity than A Cells in NOD/SCID Mice
Relative to A cells, F cells were found to be more tumorigenic and enriched in CSCs (Figure 3a and Table 1 high and CD44 high / CD24 low phenotypes were again observed in cultured cells from the xenografts resulting from injection with A and F cells (Figure 3c) . Moreover, the moderate and low levels of dilution analysis based of Poisson distribution was performed using ELDA web tool for estimation of the TIC frequencies of P, A and F cells (a, right). Tumor growth curves of P, A, and F cells obtained from the xenotransplantation experiments are also illustrated (b). Triple-color cytofluorometric analysis was performed to determine the expression of CD44, CD24, and HLA class I in cultured cells from tumors resulting from subcutaneously injection with P, A, and F cells (c).
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surface HLA class I expression were again noted in CD44 low / CD24 high and CD44 high /CD24 low subsets, respectively ( Figure  3c ). These results together with in vitro results suggest that different classes of CSCs/TICs could be individually harbored in A and F cells.
In Vitro F Cells Exhibited Greater Resistances to Multiple Drugs and Non-MHC-restricted Effector Killing Relative to A Cells
By the semi-quantitative RT-PCR method, some of the multiple drug-resistant (MDR) genes associated with CSCs, including ABCG2, 27 ABCB5, 28 ABCB1, 29 and ABCC1, 30 were identified to be upregulated in F cells as compared with A cells (Table 2) . Also, the expression of some other MDR genes such as ABCA7, ABCC3, and ABCC5 were elevated in F as compared with A cells. Four remaining genes of the panel were found to be expressed by both F and A cells almost equally. These results suggest that with enriched CSCs, F cells could possibly exhibit greater resistance to multiple drugs as compared with A cells.
Our cytotoxicity results revealed the significant differences in relative susceptibilities of P, A, and F cells to killing by allogeneic LAK cells (Figure 4a ) and IL-2-activated CD56 dim / CD16 þ cytotoxic NK cells (Figure 4b) . A cells were extremely sensitive to NK-as well as to LAK-mediated killings at all six effector to target cell ratios tested in three independent experiments. When assessed by lytic units (LUs), the differences between A and F cells in sensitivity to NK-or LAK-mediated cytolysis were both significant (Po0.01) (Supplementary Table S2 ). These results are in line with the notion that F cells are functionally much closer to CSCs in extreme resistance to non-MHC restricted effector lymphocytes, as compared with A cells.
Induction of mCSC in F Cells, but not A Cells, Through IFN-c-mediated Modulation on the CXCR4/CXCL12 Axis We next investigated whether any soluble mediators released by activated NK/LAK cells would modulate the metastatic potential of NK/LAK-resistant F cells. Cytofluorometric analysis was carried out to monitor the immunophenotypical changes in A and F cells with or without exposure to the conditioned medium of LAK cell culture. A unique modulation on the CXCR4/CXCL12 axis was found only in F, but not A, cells in response to LAK-conditioned medium (Figure 5a and Supplementary Figures S2A and B) . When F cells were cultured in LAK-conditioned medium, the percentage of CXCR4 þ F cells was increased (17.5%) from the basal level (8.4%), whereas the MFI detected in CXCR4 þ cells remained essentially unchanged. Representative histograms of one such cytofluorometric analysis are shown in Figure 5a , in which the peaks of CXCR4 þ expression in terms of MFI were ++++, 76-100%; +++++, 4100%).
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noted to be at the same position in F cells, regardless of whether LAK-conditioned medium was added or not, suggesting that the original CXCR4 þ cells and the induced CXCR4 þ cells expressed a relatively same level or density of the receptor CXCR4 on per cell basis. On the other hand, the percentage of cytoplasmic CXCL12 þ cells was downregulated by 22.3% when F cells were cultured in LAK culture conditioned medium from 94.7% positive cells at the baseline level.
Following IFN-g (1-100 U/ml) treatment, the dosedependent changes on CXCR4/CXCL12 expression profiles of P, A, and F cells turned out to be very similar to those obtained with the respective cells in the presence of LAK culture conditioned medium (Figure 5b) . Specifically, the IFN-g-mediated induction of positive and totally negative sub-populations for surface CXCR4 and cytoplasmic CXCL12 expression in F cells, but not in A cells, was in an allor-none manner. We also provide bar-type illustrations to more clearly show the qualitative analysis of the same data ( Supplementary Figures S2C and D) .
For cell migration, A cells showed a delayed response when the dose of IFN-g was higher than 10 U/ml, whereas F cells started to respond to IFN-g with a dose as low as 1 U/ml (Figure 5c ). For cell invasiveness, F cells started showing the response to IFN-g at 10 U/ml, but the response of A cells to IFN-g could only be observed when 100 U/ml IFN-g was used (Figure 5d) . Overall, these observations demonstrated that the CXCR4 þ mCSCs with elevated metastatic potential could be specifically induced only from the NK/LAK-resistant F cell subset by IFN-g.
DISCUSSION
In this study, we characterized the CSC heterogeneity in the CEA-producing UP-LN1 carcinoma cell line with the intent to better understand the role of CSCs in this malignancy. The F and A cell subsets can now be distinguished on the basis of their distinct immunophenotypes, namely, CD44 high / CD24 low for F cells and CD44 low /CD24 high for A cells, which could also be correlated with loosely distributed single or small clumps of tumor cells and compact tumor cells, respectively, in the patient's LN tumor tissue.
Our results from the experiments of in vivo xenotransplantation and in vitro anchorage-independent colony formation suggest that F and A cells may have provided different niches to harbor at least two different classes of CSCs. The interactions among the CSCs and differentiated non-CSCs within a tumor have rarely been addressed. For example, upon chemotherapy, the CXCR1 þ breast CSCs can overcome FasL-induced apoptosis by receiving the IL-8 signal released from CXCR1 À non-CSCs. 31 In our xenotransplantation study, we noted that some cooperation between A and F cells might have existed in order for P cells to develop larger-sized tumors when compared with A or F cells alone. Such cooperation for optimal tumor growth appeared to be dictated by the critical numbers and the ratio of harboring different classes of CSCs and non-CSC tumor cells of a squamous cell carcinoma cell line has also been reported recently, 32 although other factors such as angiogenic activity and stromal interaction could also be involved in the cooperation process. 
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Operationally, the different classes of CSCs have been believed to come from either clonal evolution of a given cancer through successive selective pressures and/or cancer progression through clonal coexistence or sequential clonal existence. 33 During cancer progression, the emergence of new classes of CSCs could have occurred as a result of nutritional or immunological pressures, or could have been induced by therapy. If these different classes of CSCs in F and A cells do exist, additional work is needed to determine what the exact differences are. Although the biological significance of the coexistence of A and F cells in the UP-LN1 cell line/tumor remains elusive, it appears that using A cells as a bait to be killed by activated NK/LAK cells, the tumor is, in turn, to fool the host immune system by utilizing IFN-g released from these immune effector cells to induce the CXCR4 þ mCSCs in F cells to a greater number, thereby leading to the LN and/or distant metastatic site migration of CXCR4 þ mCSCs ( Figure 6 ). Thus, F cells appear to be destined to have a greater role in tumor survival, tumorigenicity, perpetuation, and dissemination in the tumor-bearing host.
By the expression of surface CXCR4, tumor cells acquire the properties qualifying them to sense chemoattractants, invade tissue barriers, and migrate to a secondary organ to form a metastasis. 34, 35 Furthermore, the CXCR4 þ subpopulation within the CD133 þ CSCs has been reported to be the mCSCs with increased metastatic potential in pancreatic cancer. 36 Following this finding, one emerging question is 'How could the CXCR4 and CXCL12 expression be regulated in mCSCs and tumor metastasis?' Dalerba and Clarke 37 proposed three possible models with either a reversible or a non-reversible manner in an attempt to explain how the CXCR4 was being expressed by CSCs, followed by metastasis. In light of our current findings, we favor the notion that the CXCR4 þ mCSCs originated from CXCR4 À CSCs through specific signals such as, IFN-g, 38, 39 other cytokines, HGF, 40 and/or hypoxia in a reversible manner. 41 IFN-g could induce the expression of CXCR4 with concomitant diminishment of CXCL12 production in F cells to create a microenvironment with low level CXCL12. Subsequently, such microenvironment may lead the induced CXCR4 þ mCSCs within F cells to sense the CXCL12 gradient much easier and then be attracted to a so-called 'pre-metastatic niche', such as LN and bone marrow, which are known to be with abundant CXCL12 secretion. The 'pre-metastatic niche' has sufficient numbers of stromal fibroblastic cells and/or bone marrow-derived mesenchymal stem cells, which are rich in secretion of CXCL12. 42 It will be therefore important to determine whether CXCL12, found abundantly in the cytoplasm of A cells, in the presence or absence of IFN-g or LAK culture conditioned medium, are indeed being proportionally secreted into the culture medium.
Although F cells, rather than A cells, were shown to be modulated on the CXCR4/CXCL12 axis, migration and invasiveness toward the CXCL12 gradient were upregulated in both A and F cells with different degrees of sensitivity following IFN-g treatment. The moderate enhancement in Figure 6 Proposed mechanism of induction of mCSCs for UP-LN1 cells to metastasize. To make UP-LN1 cells to metastasize, the floating cells serve as a major reservoir for CSCs with extreme resistance to LAK-mediated killing and concomitantly with high susceptibility to IFN-g-mediated induction of metastatic potential via generation of mCSCs. Then, the induction of CXCR4 þ mCSCs with reduced release of CXCL12 at the same time by the tumor cells could create a favorable microenvironment for CXCR4-bearing mCSCs to migrate toward a site where a greater CXCL12 gradient is present, such as LN, bone marrow, or other distant organ.
migration and invasion of A cells may be partially due to the modulation on another receptor of CXCL12 on the same tumor cell surface, namely CXCR7. 43 The effect of IFN-g on cell mobility may also directly contribute to the upregulation of migration and invasiveness. Further experiments are needed to evaluate the effect of IFN-g in modulation on tumor metastasis by injection of F and A cells with and without IFN-g treatment via either a footpad or an intravenous route into immunodeficient mice.
The ability of tumors to escape from the host immunosurveillance could also be due to the presence of CSCs. 44, 45 It has been reported that in breast cancer, the CD44 high / CD24 low /Her2 low CSCs with elevated clonogenicity, tumorigenecity, and self-renewal ability could be selected out from a bulk tumor population by NK cells through trastuzumabinduced antibody dependent cell-mediated cytotoxicity. 46 Moreover, it has been shown that ABCB5 þ malignant melanoma TICs not only expressed lower levels of surface HLA class I molecules as compared with their ABCB5 À counterpart, but also acquired the ability to inhibit IL-2-dependent activation of effector T cells by the induction of CD4 þ /CD25 þ /Foxp3 þ regulatory T cells. 47 Our study shows that the CD44 high /CD24 low F cells harboring the majority of the CSCs of UP-LN1 cells exhibit the extreme resistance to NK/LAK-mediated cytolysis. Furthermore, the expression of surface HLA class I was observed to be tightly regulated following the transformation between F and A cells. Thus, we believe that three events, the impaired expression of surface HLA class I, extreme resistance to NK/LAKmediated cytolysis, and more enhanced expression of many CSC-associated genes/markers in F cells are not all coincidental. Downregulation of HLA class I seems to be an efficient strategy developed by tumor cells to escape from both CTL and NK cell immunosurveillance, as the expression thresholds of HLA class I required to adequately activate CTL and NK cells may be different. 23, 48 As HLA class I molecules are the inhibitory signal for NK cells to avoid killing of normal cells, this fuzzy area between the activation of CTLs and NK cells provides a safe zone for tumor cells with downregulated HLA class I expression to avoid successful presentation of tumor antigen to trigger CTL killing and activation of NK-mediated cytolysis of tumor cells. Although the relationship between the defects of HLA class I expression and CSC properties remains unclear at present, the link between depressed HLA class I expression and CSCs may be an important issue to be investigated further.
In summary, we have herein documented the morphological (floating and adherent), immunophenotypic (CD44 high /CD24 low and CD44 low /CD24 high ), and clonogenic heterogeneity of the CSCs within UP-LN1 cells in a functional sense, such as cell-cell cooperation for tumor growth, escape from NK/LAK-mediated killing, and IFN-g-mediated induction of mCSCs. Also, we demonstrated for the first time that activated NK/LAK cells and their secreted IFN-g could function as a promoter rather than a cytotoxic effector to LAK-resistant CD44 high /CD24 low floating tumor cells, which are enriched in CSCs for the generation of CXCR4 þ mCSCs. In order for the tumor to proceed progression, the F cells themselves turned out to be a niche for the predominent CSCs/mCSCs by their unique abilities to initiate tumors in and migrate/invade toward an appropriate tissue microenvironment, in spite of the pressure from the host immunosuerveillance. Whether these findings are restricted to the UP-LN1 unique cell line/tumor or not has to await further studies by evaluating floating and adherent cells of additional GI cancers and their cell lines. The observed IFN-g-mediated induction of CXCR4 þ mCSCs from F cells suggests that immunotherapy with non-MHC-restricted effectors such as NK/LAK therapy will not be advised for cancer patients, in whom the expression of CXCR4 on their tumor cells is inducible in the CSC subset by IFN-g. Thus, IFN-g is indeed a double-edged sword, and should be put to therapeutic use very carefully. Besides the non-MHC-restricted effectors CTLs have been reported to be effective in recognition and destruction of brain tumor stem-like initiating cells. 49 Also gdT lymphocytes, another class of non-MHC-restricted effectors, have been shown to exert efficient killing of colon CSCs. 50 Whether gdT cells and MHCrestricted T-cell-based immunotherapy in combination with chemotherapy can be used effectively to eradicate the CXCR4 þ mCSCs and/or their niche, CD44 high /CD24 low F cells, remains to be seen. Recently, a high-throughput screening for a variety of inhibitors of CSCs including nutraceuticals has been initiated; 51, 52 and this may be an important step toward eradication of CSCs, thus enhancing the strategic options of curing cancer.
